Effects of different lighting arrangements on space perception by Yücetaş, Banu
^  f  2*2
M-iw ;,«* %Ш I  3 χ .  £ ISW i Ϊ l^'U á w Wl
^ Г Г ^ Г Ѣ й П Г
t ΐ ^ ,ΰ
; !έΤ ij ■î i'*‘’i*.ıî Μ ^ ι^ΐ}®!! İM і г^'а u% іпй ^ Гі 4 m ä іГг i"“* ?i m f ‘- ш
l if  L ä ö l l i s N ö  A H H A li l j£ í^ á fc i l l
QDñC^C: p i p p ^ r p T f f ï S . r
İ J î 4 l  Oil ÎL-. 3 iL flO lw l i l 'U rá
J.· nw^bll .;· ί· Wb» T ,
S““L· î. L î. .I«e«i(j·· â л·^
5, :.»■ .T»« y· 1 ±rt-_* I г>^ іЛ! .α« .;i ? a
 ^ ііім · Л Λ « 11» 1» u* R г· Ϊ  •.;r,;x Й 'Ü Æ İ2
r r  Ц  :.4,^  S ·-
».·,ϋ^ ii*·*? iS **‘t
Л Ζ1ΪΛ '>w·· ;. i  ;, 2 ·',: ;u .i 'İ -  W
Î í ;,¿
A A “Г.· Я. z
H A
2 f « 5 ·
EFFECTS OF
DIFFERENT LIGHTING ARRANGEMENTS 
ON SPACE PERCEPTION
A THESIS
SUBMITTED TO THE DEPARTMENT OF 
INTERIOR ARCHITECTURE AND ENVIRONMENTAL DESIGN 
AND THE INSTITUTE OF FINE ARTS OF BILKENT UNIVERSITY 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 
MASTER OF FINE ARTS
C^ :
By
Banu Yücetas 
June, 1997
2 7 ¿ i
?3
д 37725I:
I certify that I have read this thesis and that in my opinion it is fully adequate, 
in scope and in quality, as a thesis for the degree of Master of Fine Arts.
Assoc. Prof. giz Yiener (Principal Advisor)
I certify that I have read this thesis and that in my opinion it is fully adequate, 
in scope and in quality, as a thesis for the degree of Master of Fine Arts.
Prof. Dr. Mustafa Pultar
I certify that I have read this thesis and that in my opinion it is fully adequate, 
in scope and in quality, as aihesis for the degree of Master of Fine Arts.
Asst. Prof. Dr. Markös Wilsing
Approved by the Institute of Fine Arts
ABSTRACT
EFFECTS OF DIFFERENT LIGHTING ARRANGEMENTS 
ON SPACE PERCEPTION
Banu Yuceta§
M.F.A in Interior Architecture 
Supervisor: Assoc. Prof. Dr. Cengiz Yener 
June, 1997
The importance given to the quality of lighting design has increased in 
recent years. This makes lighting design more an art than an engineering 
problem and is closely related to the way a space is perceived. It is difficult 
to discuss perception as it is the subjective interpretation of a certain 
situation. This study concentrates on the quality of lighting and the relation 
between the lighting arrangements and perception. A room that has four 
different lighting arrangements was prepared and the differences between 
the perception of the participants under each lighting arrangement was 
analyzed in terms of the six impressions, clarity, spaciousness, relaxation.
III
privacy, pleasantness and order. The variation in these terms due to the 
alterations in the lighting systems was studied. The age, gender and the eye 
deficiency of participants were collected as personal data and their relations 
to the process of perception were taken into account.
Keywords: Perception, Artificial lighting. Clarity, Spaciousness, Relaxation, 
Privacy, Pleasantness, Order.
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FARKLI AYDINLATMA DÜZENLEMELERİNİN MEKANIN 
ALGILANMASINDAKİ ETKİSİ
Banu Yücetaş
İç Mimarlık ve Çevre Tasarımı Bölümü 
Yüksek Lisans
Tez Yöneticisi: Doç. Dr. Cengiz Yener 
Haziran, 1997
Aydınlatma tasarımına verilen önem son yıllarda artmıştır. Bunun 
sonucunda, aydınlatma bir mühendislik meselesi olmanın ötesine geçmiş, 
sanatsal bir değer kazanmış ve bir mekanın algılanmasında etkili olmuştur. 
Algılama, kişiden kişiye değişen, bireysel bir olgudur ve bu yüzden 
tartışılması zor bir kavramdır. Bu çalışmada, aydınlatma düzenlemelerindeki 
farklılıkların algılamaya etkisi araştırılmıştır. Dört farklı aydınlatma sistemine 
sahip bir oda hazırlanmış ve bu mekanda her bir aydınlatma sistemi altında, 
mekanın nasıl tanımlandığı, bu düzenlemelerin algılamaya etkisi olup 
olmadığı incelenmiştir.
ÖZET
Netlik, ferahlık, dinlendiricilik, mahremiyet, hoşnutluk ve düzenlilik olmak 
üzere altı kavramın aydınlatma sistemlerindeki değişime bağlı olarak nasıl
V
etkilendiği araştırılmıştır. Bu etki araştırılırken, katılımcıların yaşı, cinsiyeti, 
göz bozuklukları kaydedilmiş ve bu faktörlerin mekanın algılanmasına 
etkilerinin olup olmadığı incelenmiştir.
Anahtar sözcükler: Algılama, Yapay aydınlatma. Netlik, Ferahlık, 
Dinlendiricilik, Mahremiyet, Hoşnutluk, Düzenlilik.
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1. INTRODUCTION
1.1 General Approach to the Problem
It would be impossible to perceive our surroundings in the absence of light. 
Lighting, -either natural (daylight) or artificial (electrical)- plays an important 
role in our lifes. Such an important property can enhance or subdue the 
architectural features, and is therefore, be considered and planned as a part 
of the architecture.
Application of artificial lighting in architectural settings can be examined 
under different headings. In the I ES Liahtina Handbook (1987, 2-31-2-35), 
two types of classifications are given. The first classification is a. general 
lighting, b. localized general lighting, c. local (supplementary) lighting and d. 
task ambient lighting. The second classification is according to the luminaire 
types a. direct, b. semi-direct, c. direct-indirect, d. semi-indirect and e. 
indirect. In Lechner (1990, 300-301), in addition to these, architectural 
lighting is emphasized. These are cove lighting, coffer lighting, luminous 
ceiling lighting and wall illumination. Sorcar (1987,158-166) discusses 
lighting forms and patterns and mentions skylight, luminous beams, cove 
lighting, uplighting, soffit lighting, accent lighting techniques and wall 
washing.
In this thesis, only the lighting systems that are used in the experimental 
study will be discussed. These are general lighting, cove lighting, wall 
washing and uplighting.
1.1.1 General Lighting
This is a lighting system that provides an approximately uniform illuminance 
over the entire area and requires no coordination with the furniture. Furniture 
placement is easy and this brings flexibility to the area flES Lighting 
Handbook 1987, 2-31-2-32; Lechner 1990, 295).
1.1.2 Cove Lighting
Cove lighting is a system where light is emitted from continuous wall 
mounted fixtures and distributed towards the ceiling. It can be achieved 
through fluorescent, linear incandescent, cold cathode or fiber optics 
(Grosslight 1990, 87). These lighting fixtures should not be seen both at 
seating and at standing positions and be staggered to avoid dark places 
between one source and another (Lechner 1990, 300; Sorcar 1987,159- 
160).The inside of the cove, the upper walls shall be covered with high 
reflectance white paint. Lam (1992, 506) states that cove lighting makes the 
ceiling be the brightest and the dominant plane in the room.
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Figure 1.1. Dimensions for cove lighting with fluorescent bulb
lES Lighting Handbook: Application Volume. New York: Illuminating 
Engineering Society of North America, 1984:6-25.
If the cove is 30 cm from the ceiling (H), the lamp center (S) should be 6 cm 
or more from the wall. If H is between 38-50 cm, S should be 9 cm or more. 
When H is between 53-76 cm, then S shall be 11 cm or more flES Lighting 
Handbook 1984, 6-25; Grosslight 1990, 87).
1.1.3 Wall Washing
This is a lighting system that is achieved by positioning lamps away from the 
wall so that all the wall will be evenly illuminated. Lechner (1990, 301) points 
out the importance of wall illumination and believes that vertical surfaces 
take more attention than horizontal ones and supplementary lighting fixtures 
that are installed to illuminate the walls can emphasize the features of the 
walls such as textures, color, pattern and form. Also, Flynn et al. (1992,20), 
Steffy (1990, 32-34), Smith and Bertolone (1986, 26) and the lES Lighting 
Handbook (1987, 2-2) point out that wall washing makes a room appear 
larger.
The positioning of lamps are as important as their selection. Wall washing is 
mostly constructed by incandescent or fluorescent lamps. When these 
fixtures are installed, their orientation gains importance. If incandescent 
lamps are used, measurements shall be taken from the center of each lamp 
and fixtures are to be mounted symmetrically in an equal distant pattern 
(Grosslight 1990, 41-45). If fluorescent lamps are selected, their size shall 
be considered in such a way that no unlighted parts are left, because these 
darker areas may destroy the smooth effect that is achieved by wall 
washing.
The distance of the lamps from the walls is to be considered, as the fixtures 
are installed further from the wall, their effect of illuminating the wall 
decreases.
Figure 1.2. Dimensions for wall washing with fluorescent bulb
Grosslight, Jane. Light. Light. Lioht. 2nd ed. Tallahassee: Durwood 
Publishers, 1990:43.
In Lechner (1990; 301), the minimum dimension for H and D is taken 
approximately 20 cm and in Steffy (1990,101), H is between 30-35, D is 30
cm.
When wall washing is used, the viewing angle of the observer shall be 
considered since it may cause direct glare (Lechner 1990, 301). It is not 
advisable to wash a vertical surface with specular finish since it will reflect 
light sources (Sorcar 1987, 165).
1.1.4 Uplighting
In uplighting, the lighting distribution is through lighting fixtures that are 
directed towards to the ceiling or to the comers. Fluorescent lamps, point 
sources, HID lamps can be selected for uplighting (Grosslight, 1990,163- 
165). Lam (1992, 506) states that a wash of light on walls and ceiling may 
visually expand that space by erasing the wall-ceiling intersection. This may 
be helpful in reducing the claustrophobia in windowless or underground 
spaces.
The type of the lamp that is chosen for these lighting systems shall be 
considered with its characteristics and be in harmony with other lighting 
systems in the room.
1.2 Aim of the Study
Lighting design has two important aspects: quantity and quality. Quantity is 
related to the required illumination levels within a space and quality is
related to the psychological effects of lighting. For a successful design, both 
of these criteria shall be considered.
This thesis aims to concentrate on the quality of lighting, the power of 
lighting, in the sense of arising different moods in the same setting, only by 
changing the lighting systems. A change in the arrangement of lighting 
systems results in a change in the appearance of that space, affects 
people’s feelings and well-being. They use different words to define that 
space such as relaxing / tense, private/ public, clear/hazy. These arguments 
are the results of the user’s perception.
How effective the lighting systems are on the perception of the users is 
investigated in this thesis. Six impressions, clarity, spaciousness, relaxation, 
privacy, pleasantness and order were tested in the experimental study. As 
perception is a subjective interpretation, the relation of age, sex differences 
and eye defects to it are searched for in the same setting under different 
lighting arrangements.
1.3 Structure of the thesis
This study consists of five chapters including the introduction and the 
conclusion parts. In this introduction, the artificial lighting systems, that were 
installed for the case study, are explained, the aim of the study is mentioned 
and structure of the thesis is given.
The second chapter is a literature review where studies about the lighting 
preferences and subjective impressions are summarized.
The third chapter is related to the psychological aspects of lighting where 
the impressions that are tested in the experimental study are introduced and 
the conditions that satisfy these impressions are stated.
The fourth chapter explains the stages of the experimental study, the 
experimental set-up, the procedure, data analysis, results and discussion.
Finally, the conclusion is, where the findings of the research are summed up 
and recommendations for the following researches are pointed out.
2. PREVIOUS STUDIES
In this chapter, literature review is summarized under two subtopics. First, 
studies related to the subjective impressions are surveyed and then, studies 
related to lighting preferences are given.
2.1. Studies Related to the Subjective Impressions
As the interest in environmental psychology increased in 1970s, different 
variables related to light gained importance. One of these was the quality of 
lighting in the built environment. Quality of lighting was related to the quality 
of life that aimed to eliminate the factors causing stress such as glare, 
distortion and the like. It tried to improve user’s well being, motivation and 
performance.
An important researcher who was interested in the quality of lighting was 
John Flynn. He explained the importance of lighting patterns by making 
similarities between the nature of sound and the lighting design. According 
to Flynn (1973, 4-11), three categories of sound patterns are recognized: the 
first one is sound cues that are organized to produce a recognizable 
message (speech), the second one is irrelevant, meaningless or confused 
sound cues (noise) and the third one is rhythmic cue compositions that 
appeal to our aesthetic sensibilities (music).
Visual cues resemble to sound patterns. “Speech” in a lighting system is the 
amount of light that is necessary to perform basic human needs, to see the 
surrounding. “Noise” is the irrelevant visual cues in a space that causes 
disturbance and decreases the motivation of the users. “Music” is the 
appropriate unification of the lighting system and the activity.
Although CIE(The International Commission on Illumination) had a group 
that worked on the psychological problems in illumination, Flynn believed 
that the published lighting standards did not give a good lighting solution 
and knowledge about the psychological aspects of lighting was limited. 
There were some methods that were used by environmental psychologists, 
to test user-environmental compatibility such as semantic differential scale, 
multidimensional scaling and the like (Kasmar 1970, 153-168; Mehrabian 
and Russell 1974,233-250). However, there was little work to test the quality 
of lighting decisions through these methods.
A series of studies conducted by Flynn and his colleagues in 1973 (Rea, 
1992, 435-442) suggest that lighting conditions can affect moods. A medium­
sized conference room that had various lighting systems was prepared. 
Rating scales were obtained under each of the six lighting arrangements 
(Fig. 2.1). 12 groups with a total of 96 subjects participated in the study.
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Fig. 2.1. Lighting arrangements for the conference room,
Flynn et al. (Rea 1992, 436)
Each of the six lighting arrangements was presented with a different order to 
each group and subjects were asked to evaluate the room on the rating 
scales. These scales showed a significant difference in response to the 
room under different lighting arrangements. “Categories of impressions” (or 
five factors) that were tested for the study and the evaluation of the rating 
scales are as follows;
Factor 1 is evaluative impression. The mean ratings of lighting 
arrangements are given in Fig 2.2. Lighting arrangements 4 and 6 were the 
mostly and 3 and 5 were the least preferred ones.
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Factor 2 is the perceptual clarity. Lighting arrangements 5 and 6 were the 
clearest, brightest (have higher illumination levels) whereas 1, 2, 3 and 4 
were less clear as seen in Fig 2.2.
Factor 3 is spatial complexity (or visual noise). Fig 2.2. shows that the 
change in lighting arrangements did not affect this impression.
Factor 4 is spaciousness. Lighting arrangements 2 and 6 were found to be 
more spacious than 1 and 3.
Factor 5 is formality (or style, fashion). Two rating scales were used for this 
impression as seen in Fig 2.2. and no strong differences were found among 
them.
11
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Fig. 2.2. Evaluation of the rating scales for the conference room 
Flynn et al. (Rea 1992,:436)
As a result, it can be concluded that, there were three dimensions of 
impressions to which subjects gave a response; bright (high illumination 
levels) / dim (low illumination levels), uniform/ nonuniform and peripheral/ 
overhead. The evaluation of the rating scales according to these dimensions 
are the following;
• When there was a change in the intensity of horizontal illumination from 
an overhead lighting system without changing the distribution 
characteristics of the system, the results were as seen in Fig 2.3.
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Arrangements 3 and 5 were 10 and 100 fc (foodcandle). When the 
intensity increased, this had a negligible effect for evaluative impressions. 
However, as the intensity changed, the feeling of perceptual clarity was 
enhanced and higher illumination levels tended to appear more spacious.
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Fig. 2.3. Comparison of the lighting arrangements 3 and 5 
Flynn et al. (Rea 1992,437) •
• When there was a change in the distribution characteristics from an 
overhead system, without changing the intensity of horizontal illumination, 
there was a change in the impressions as can be seen in Fig 2.4. 
Arrangements 1 and 3 were 10 fc respectively. Both systems resulted in 
similar impressions of perceptual clarity. However, arrangement 1
13
produced better evaluative impressions than arrangement 3. The 
impression of spaciousness was different for both arrangements as well, 
arrangement 3 was more spacious.
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Fig. 2.4. Comparison of the lighting arrangements 1 and 3 
Flynn et al. (Rea 1992, 438) •
• When limited wall lighting was added to a low intensity overhead lighting 
system, Fig. 2.5. indicates that, this increased perceptual clarity, 
evaluative impressions and spaciousness.
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Figure 2.5. Comparison of the lighting arrangements 1 and 4 
Flynn et al. (Rea 1992,438)
This study was important, because it showed the subjective reactions to light 
could be measured and manipulated. Following this, Flynn et al. conducted 
another study to determine whether the results of the previous study could 
be replicated by using the slides of the lighting arrangements (Hendrick et al. 
1977, 491-510). Subjects evaluated the slides without observing the real 
spaces. Six factors and six lighting arrangements were tested. These factors 
were evaluative impression, perceptual clarity, spaciousness, spatial 
complexity, formality and perceived horizontality. Lighting arrangements
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were overhead downlighting (low intensity), peripheral wall lighting (all 
walls), overhead diffuse (low setting), combination of overhead downlighting 
and end walls, overhead diffuse (high intensity), combination of downlighting 
and peripheral and overhead diffuse.
The results showed that the reliable judgments of a space were not stimulus 
bound by that space, because the results were identical. This result was 
also important since designers use to work with the mock-ups of a space or 
present spaces through perspectives.
Another study by Flynn in 1974 ( quoted in Nasar 1992, 159-161) also 
showed that the same lighting systems can give rise to the same 
impressions in different settings. For the study, three rooms were arranged, 
each having the same lighting systems and controlled by multiple switches, 
so that intensities, color temperature and distribution of light were consistent 
among the rooms. One room was medium-sized and was irregular in shape, 
the second one was large and rectangular and the third one was medium­
sized and rectangular. The lighting modes were as follows; a) overhead 
fluorescent, b) only four walls were illuminated, c) overhead fluorescent and 
four walls were illuminated, d) overhead incandescent downlights, e) 
overhead incandescent downlights and only one wall was illuminated. The 
impressions of perceptual clarity, spaciousness, relaxation, privacy, 
pleasantness and complexity were evaluated. It was concluded that, there 
were not significant inconsistencies except for the impressions of relaxation 
and privacy. This inconsistency could be related to the nonuniform
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distribution of light patterns. As one of the rooms was irregular in shape, 
nonuniform lighting did not affect the side walls, those parts were darker and 
this increased the feeling of unpleasantness and tension.
As cited in Butler and Biner (1987, 697), in 1979, Danford et al. criticized 
Flynn’s research, they emphasized that it had narrow focus and factors like 
satisfaction, perceived well-being were difficult to quantify and integrate with 
the illumination level. However, Flynn’s findings are accepted by many 
researchers.
Smith (1989, 18-23), Baron and Rea (1991, 30-32), Loe (1993, 52-53) who 
have studies that evaluate the relation between the lighting arrangements 
and user performance share the same views with Flynn. Baron and Rea 
conducted a series of laboratory studies to test how lighting conditions 
influence participants’ performance. They concluded that people reported 
more positive feelings under low illuminance levels and warm light. Smith’s 
research evaluated how spaciousness is affected by light. He concluded that 
illumination level is an important factor, as the illumination level on a surface 
increases, the space looks more spacious.
Loe (1993, 52-53) discusses the study that was carried out at the Barlett 
School in University College, London. In the study, twelve observers were 
asked to make subjective assessments of an interior, lighted in eighteen 
different ways. The experiment showed that people prefer interiors that have
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higher illumination levels. The light pattern is also shown to be an important 
aspect of a successful design.
Another study about the impressions is by Hughes and his associates (1977, 
22) in which the concept of visual clarity under different light sources of 
various color temperatures was examined. According to the results, higher 
color temperature lamps were preferred from visual clarity point of view.
Aksugür (1977, 388-391) has a research investigating how spaciousness 
changes in relation to the characteristics of the selected lamps. Two different 
light sources (tungsten-filament lamps and daylight fluorescent tubes) were 
selected and their effect on the impression of spaciousness was analyzed. It 
was claimed that, spaciousness increases under daylight fluorescent tubes 
rather than tungsten-filament lamps.
2.2 Studies Related to Lighting Preferences
The personal decisions about lighting levels and systems for certain 
behaviors and settings are important. “What levels of light do individuals 
prefer for different activities?” is a question of interest.
Preference judgments integrate comfort, aesthetics and safety. Butler and 
Biner (1987, 695-721) conducted a research about the preferred lighting 
levels for certain cases or behaviors, importance of the control of the lighting 
level for a variety of settings and individual differences in these judgments.
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According to the findings of the research, when individuals choose very 
bright or very dim conditions, light becomes an important factor for them; for 
moderate conditions, it is not so important. The more important a lighting 
level for an individual, the more he wants to control it. Veitch and his 
colleagues (1991, 87-95) tested the demand characteristics and full 
spectrum lighting effects on performance and mood. The results showed 
that, general beliefs about the lighting systems are important rather than the 
characteristics of the selected lamps and this is supported by Veitch et al. 
(1993,15-26). People prefer full spectrum fluorescent lighting with respect to 
cool white fluorescent lighting and the ones who have health problems 
prefer daylight.
In another study, Biner et al. (1989, 3-16), tested the relation between light 
levels and arousal. Subjects rated their lighting preferences for various 
conditions, it was found that an activity means different things for different 
settings and this is important in selecting light levels.
Lighting is an element of physical setting that give rise to subjective 
impressions on users. Robert Gifford (1988,177-189) is also interested in 
the lighting effects on interpersonal communication, performance, mood and 
the end-user’s knowledge, preferences for lighting. In his research, the 
relations between light, decor, arousal, comfort and communication were 
discussed. There were two different lighting conditions- bright (high 
illumination level) and dim (low illumination level), and two decor settings- 
home like and the office like. It was suggested that light levels have an effect
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on communication levels; general communication occurs in brighter settings, 
and the demand for both general and intimate communications are greater in 
home-like settings than in office-like settings.
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3. PSYCHOLOGICAL ASPECTS OF LIGHTING
The first aim of lighting is to achieve enough light that is essential for people 
to perform their activities. Lighting is a part of the architecture, a design 
choice and is closely related to the establishment of a mood whether it is 
planned or not (Lam 1992, 500-502).
When an observer looks at a lighting system, a reaction arises that can be 
aesthetical or emotional (Sorcar 1987, 171-172). The aesthetical response 
requires attention to the entire area and is an expression of immediate 
reaction such as good or bad, too bright or too dark (Erhardt 1985, 30). The 
emotional reaction, on the other hand, is an expression of a feeling that 
occurs after being in the environment for some time. Emotional reactions are 
related to the combination of many senses such as pleasement, relaxation, 
depression. Emotional excitement is the interaction of a particular color or 
setting or their combination and varies with an individual’s personal 
interpretation and experience.
These reactions are subjective agreements about a certain situation, so it is 
not possible to reach objective solutions, everyone has a different cultural 
background, demands and beliefs which in turn affect emotional or 
aesthetical responses to lighting systems. For example, it is argued that
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people from hot regions prefer cooler settings whilst people from cooler 
regions would rather be in warmer interiors (Clanton 1990, 36; Battle and 
McCarthy 1996, 2). Similarly, the time of the day is said to be another factor 
in choosing light type. During daytime, people usually prefer cooler toned 
light sources whereas at night, these are not suitable and people choose 
warmer interiors (Clanton 1990, 36). General beliefs about light sources may 
play an important role on the preferences, significant proportion of the 
population in Canada believes that fluorescent lighting causes ill health, 
though empirical research has not demonstrated such an effect yet (Veitch et 
al. 1993, 24). People who have beliefs about the negative effects of 
fluorescent light prefer natural light and reject all types of artificial light 
sources in general (Veitch et al. 1993, 21).
Erhardt stresses how light levels affect impressions by the following 
examples:
One feels better, more alive in a brighter atmosphere. A very dim 
interior harbors mystery and sometimes fear. Uniformity is dull and 
monotonous. High contrast and dominating luminance compel 
attention (1985, 30).
in addition to these, Lam (1992, 503) points out how reflex can play an 
important role in emotional reactions. He argues that, an illuminated 
Christmas tree makes people happy, excited, makes them remember holiday. 
In other words, lighting can act as a signal to memories of past events and 
experiences and we use different adjectives to describe certain occasions 
and occupancies. Some of these words are stimulating, relaxing, exciting, 
interesting, pleasing, dignifying, annoying, boring.
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When we couple these adjectives to the spaces, this results in the emotional 
expression of these buildings (Erhardt 1985, 15). People rate low, warm 
illumination as similar to the lighting in their homes, restaurants and describe 
these places as more pleasant and relaxing than offices or hospitals (Baron 
and Rea 1991, 31-32). Similarly, a school shall be stimulating whereas a 
hospital shall be soothing.
Emotional and aesthetical impressions are accomplished with the color, 
materials, textures in a space as well, but right light in the right place is 
important.
This chapter will discuss only the impressions that will be tested in the 
experimental study. These are clarity, spaciousness (roominess), relaxation, 
privacy (intimacy), pleasantness and order. These words are familiar and are 
frequently used in our daily lifes, so firstly dictionary-based definitions are 
given, following this, the conditions that satisfy these impressions are 
mentioned.
3.1 Impression of Clarity
The Penguin Dictionary of Psychology (1985, 124) gives the definition of 
clearness as “ a sensation or an image that is in the center of attention and 
stands out vividly from the background”. In the Longman. Dictionary of
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Contemporary English (1987, 177), clarity is defined as a condition that is 
free from any obstructions.
We use the term “clear” when objects are definite, distinct and are with well 
defined boundaries (Flynn et al. 1992, 19-20). Steffy (1990, 32-33) argues 
that this factor refers to the overall visual impression of a given space.
A space can be hazy, clear or something in between. The term “hazy” is 
used when architectural features are not distinct, objects are flat and 
shadowless. In Lam (1992, 53-54), “visual gloom” is used instead of hazy 
that is caused by the lack of some expected and desirable qualities in the 
environment. This can happen when there is not enough light to perceive a 
visual task accurately, or when a focal object is obscured by shadows, has 
unnatural color.
According to Sorcar (1987, 178), Flynn et al. (1992, 21) and Steffy (1990, 
33), clarity is achieved when there is high level of uniform lighting. As the 
illuminance increases, the space looks brighter and the feeling of clarity is 
enhanced. However, Tiller and Veitch (1995, 93-101) concluded that, 
nonuniform luminance distribution is appeared as brighter, so is clear. In 
Carmody and Sterling (1993, 265), it is mentioned that an interior seems 
more clear when there are variations between lighting levels, that is when 
there is non-uniform lighting levels.
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Lam (1992, 54) states that when the perceived brightness of a space does 
not meet our expectations, we may feel that space is gloomy regardless of 
the light levels. He adds that the sense of visual gloom is caused by 
inappropriate focal points in the luminous environment that draw attention 
away from what we want or need to see. This result contributes to the 
findings of Perry, Campbell and Rothwell (1987) as cited in Tiller and Veitch 
(1995, 100).
Sorcar (1987, 178), Flynn et al. (1992, 21), and Steffy (1990, 33) emphasize 
that clarity is obtained with cooler toned light sources. The lES Lighting 
Handbook (1987, 2-2) adds that wall washing or high reflectances reinforce 
this impression.
There is no consensus on the type of the distribution characteristics of the 
lighting system (whether there shall be uniform or nonuniform lighting), on 
the type of the lighting system, on the illumination level (high or low) and on 
the color temperature of the light source for achieving the impression of 
clarity.
3.2 Impression of Spaciousness (Roominess)
In the Longman. Dictionary of Contemporary English (1987,1009), 
spaciousness is defined as having a lot of room. Flynn et al. (1992, 20) 
states that it refers to the perceived size of the architectural enclosure 
around an individual. “Large” signifies an environment that promotes
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impressions of expanded spatial limits, increased volume and “small” 
signifies impression of confinement.
According to Imamoglu (1975, 8-10; 1987, 33) and Smith (1989, 18), 
spaciousness is a widely used term in everyday life, a state or quality of 
being wide, commodious, extensiveness of area or dimensions, roominess. It 
brings together many important aspects of an interior space; its appeal or 
pleasantness in general, its planning and organization, its physical size 
(ceiling height, apparent distance to the back walls, rate of convergence of 
side walls, apparent size of the floor and furniture density) with respect to 
the type of the activity and the number of the people who are involved in that 
activity (imamoglu 1976, 206).
The opposite of spaciousness is “cramped” that is an unwanted feeling and 
arises when the perceived size of the architectural enclosure around a user 
diminishes.
Smith and Bertolone (1986, 26), the lES Lighting Handbook (1987, 2-2 ), 
Steffy (1990, 32-34), Flynn et al. (1992, 20) and Canmody and Sterling 
(1993, 276) claim that there should be higher and uniform illumination level 
and wall lighting for the impression of spaciousness.
imamoglu (1987, 40) states that as the illumination level increases, the 
feeling of spaciousness is enhanced. However, apart from lighting, there are 
other factors involved, such as furniture selection and arrangement, the
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proportions of the room, the finishing and color of the interior, the usage of 
windows.
The way a room is furnished has an effect on spaciousness. When the 
degree of furnishing is suitable to the dimensions of the room and they are 
placed orderly, that space is perceived as spacious. When the room 
becomes disorganized, the feeling of spaciousness decreases (imamoglu 
1976, 205-214). The very disorganized condition was evaluated as being 
significantly less spacious than the organized one, and less well-planned 
than both the organized and disorganized conditions.
Another factor that is effective for spaciousness is, the furniture selection 
including size and color (imamoglu 1976, 205-214). It is suggested that 
small sized, light colored furniture shall be used instead of large, tall and 
dark colored ones to enhance the feeling of spaciousness. Aksugür (1977, 
390) points out when blue, green, yellow and red walled rooms were 
compared from spaciousness point of view, it was concluded that blue- 
walled rooms were perceived as the most spacious, then comes green, 
yellow and red.
Dimensions and proportions of rooms have an impact on the impression of 
spaciousness as well. Sadalla and Oxley (1984, 394-405) emphasize that, 
square-like rooms are perceived less spacious than rectangular ones that 
have the same volume. This is related to the standing point and the viewing 
position of the observers. When they stand at the same place and view the
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room with the same angle, the eye travels more distance in rectangular 
room, as each wall does not have equal dimensions and the room is thus 
perceived as being more spacious.
The color of the light source is a negligible factor for Flynn et al. (1992, 20). 
In Sorcar (1987,177), warm colors are suggested. According to Aksugür 
(1977), daylight fluorescent bulbs or cooler light sources make a space 
appear larger than tungsten filament lamps or warmer light sources. There is 
not a consensus on the color temperature of light sources from 
spaciousness point of view.
3.3 Impression of Relaxation
Relaxation is an impression signifying an environment that is away from 
tension, and where emotional level is diminished- no anger, no fear, no 
anxiety and the like (Penguin Dictionary of Psychology 1985, 6 3 5 ) . It is a 
positive feeling that implies rest and amusement (Longman. Dictionary of 
Contemporary English 1987, 877).
Relaxation occurs when glaring sources or surfaces are removed, colors that 
have clear and dominant focus are avoided, rapid and disturbing motion is 
eliminated (Erhardt 1985,13).
When we say a place is relaxed, we mean it is a comfortable place to 
perform certain activities. According to Flynn et al. (1992, 20-23) and Steffy 
(1990, 33-34), “relaxed” signifies an environment that provides a comfortable
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place for performing certain activities that do not require much physical 
power and attention. The opposite of relaxation is “tension” that defines an 
environment where activity level is high, you get excited, annoyed and the 
like.
Smith and Bertolone (1986, 26), the lES Lighting Handbook (1987, 2-2), 
Steffy (1990, 36) and Flynn et al. (1992, 23) indicate that nonuniform 
lighting is required for relaxation. Nonuniformity may result in modeling effect 
that causes shade and shadows. Depending on the size of the light sources, 
this effect may change, leads to an increase in the perception of shapes and 
textures (Erhardt 1985, 23).
Smith and Bertolone (1986, 26), Sorcar (1987, 178) and Flynn et al. 
(1992,23), suggest that lower brightness in the zone of the user is essential. 
Erhardt (1985, 30) mentions nonuniform lighting with peripheral emphasis is 
required to satisfy a relaxing condition.
3.4 Impression of Privacy (Intimacy)
Privacy is a subjective impression that arises in spaces where low activity 
levels exist and the feeling of belonging to a single individual occurs. In the 
Longman. Dictionary of Contemporary English (1987. 823), privacy 
(intimacy) is defined as the state of being away from other people, so that 
they can not see or hear what other is doing, can not interest themselves in 
other’s events. The Penguin Dictionary of Psychology (1985, 574) states 
that it means belonging to a single individual, state of being internal. It is a
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feeling that arises when something is not shared by others. Flynn et al. 
(1992, 23) defines privacy as being withdrawn from the society or public 
interest.
The opposite of privacy is ‘public’ and is used when a space and an activity 
are shared by too many people.
Smith and Bertolone (1986, 26), the lES Lighting Handbook (1987, 2-2), 
Steffy (1990, 36) and Flynn et al. (1992, 23) state that, nonuniform 
brightness enhances the impression of privacy.
Lam (1992, 56) argues that private spaces need not to be dark. However, as 
pointed out in Erhardt (1985, 30), Sorcar (1987, 178), the lES Lighting 
Handbook (1987, 2-2) people prefer to watch lighted areas without being 
under them. This is achieved by low light levels in the immediate 
surrounding of the user and high brightness away from them. In addition to 
these, non-uniform wall lighting and warm toned light sources are suggested 
to increase the impression of privacy.
3.5 Impression of Pleasantness
Pleasantness is a subjective impression that evaluates whether a space is 
appealing or not. The Penguin Dictionary of Psychology (1985, 553) states 
that it characterizes an emotional experience that has positive, agreeable 
qualities. In the Longman. Dictionary of Contemporary English (1987, 789),
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pleasantness is defined as an impression that gives a feeling of enjoyment, 
happiness, something that is friendly, likable.
The I ES Lighting Handbook (1987, 2-2) indicates that the feeling arises in 
types of spaces where visual appeal of the environment is important. 
According to Steffy (1990, 20), pleasantness is the appropriate marriage of 
light and architecture and results in improved morale, communication and 
productivity.
The opposite of pleasantness is ‘unpleasantness’ and arises when there is 
monotony in the brightness levels, in the colors of the objects and when the 
lighting disturbs the user (when the light sources are not concealed, when 
glare occurs ...etc.).
The most preferable lighting that satisfies this condition is inconclusive. 
However, there are certain suggestions. Mehrabian and Russell (1974,18) 
mention that as the intensity of the cooler light increases, the feeling of 
pleasure is enhanced. As cited in Sorcar (1987,180), Hawks, Loe and 
Rowland (1979) evaluated ratings related to people’s impressions of a small 
office illuminated by eighteen different lighting conditions. The most 
preferred were the installations that provided high illuminance levels and a 
nonuniform pattern of wall lighting with incandescent spotlights (warm-toned 
light sources). The least preferred were the fluorescent luminaires that 
provide uniform diffuse light (cooler-toned light sources).
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Fatigue can be caused by uniform lighting and people require varying, 
cycling stimuli to remain sensitive and alert to their environment. A change in 
the lighting arrangements is desirable. Hov^ever, this change shall be under 
control, since glare may occur due to the sudden change in brightness 
levels. The I ES Liahtina Handbook (1987, 2-2) suggests that nonuniform 
brightness and peripheral lighting satisfy alertness and enhance the 
impression of pleasantness.
3.6 Impression Of Order
In the Longman Dictionary of Contemporary English (1987, 727), order is 
said to mean a \A^ell-arranged condition vvhere every part or unit is in its right 
place. The Penguin Dictionary of Psychology (1985, 498) defines order as 
the arrangements of facts or space.
When there is visual order, every unit is organized and is related to the 
function of the interior space and to the activity. It is the unification of the 
lighting arrangements and the occupancy. Order implies arrangement of 
different elements, shapes, colors, textures due to the dominant or 
subordinate roles.
The opposite of order is ‘chaotic’ and occurs vvhen the lighting system is not 
suitable to the function of the space, distraction occurs due to the 
arrangement of the lighting patterns (Lam 1992, 55).
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In Sorcar (1987, 181), the ceiling is expressed as the subordinate interest in 
relation to the activity, that is, the form, color and the finishing of the ceiling 
are as important as the lighting pattern. Othenvise, the ceiling may act as a 
second light source and distraction may occur as a result of the visual 
noise.
Visual noise is a condition that results when the visual pattern of lighting 
does not fit to the activity in the space. To avoid this, the lighting pattern 
should be related to the geometry of the room, the type of the occupancy, 
the finishing materials, the textures on the walls, the form of the ceiling, the 
colors of the interiors and so on. It can be said that, the lighting pattern 
should not compete with the activity, it should be a part of it.
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4. AN EXPERIMENTAL STUDY ON 
THE EFFECT OF DIFFERENT LIGHTING ARRANGEMENTS
ON SPACE PERCEPTION
The present study is related to the psychological effects of lighting. It tries to 
find out whether the change in the lighting arrangements affect the 
perception of the same space. For the study a room, that has four lighting 
systems, was prepared and the differences between the way the participants 
perceived the space under these lighting systems were tested in terms of 
the six impressions, clarity, spaciousness, relaxation, privacy, pleasantness 
and order. When the sources that are related to psychological aspects of 
lighting were reviewed, these impressions were the widely used terms 
among the others, so were selected and tested in the study.
Meanwhile, the age, sex and eye deficiency of the participants were 
collected as personal data and their effects on space perception were 
investigated.
4.1. Experimental Set-up
The study was carried out at Bilkent University, Interior Architecture and 
Environmental Design Department, in room FC112. There are neither 
windows nor heating, and furniture placement was random at the beginning.
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The room measures 4.10 x 4.18 m, approximately 17 square meters; ceiling 
height is 3.84 m. The floor is covered by 30 x30 cm terrazzo tiles, walls and 
ceiling are painted in white.
The original lighting in the room was supplied by two 40 W (Philips T54) 
fluorescent lamps that do not have a reflector and are installed at the ceiling. 
The placement of the existing fluorescent tubes and the state of the room 
before the study are shown in Figures 4.1. and 4.2.
.a il .
Fig. 4.1. The existing lighting system of the room
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Fig. 4.2. View from the entrance before the research was 
organized
This room was chosen for mainly two reasons. The first one was that, there 
are no windows, so no daylight penetrates inside and the change in the 
atmosphere due to artificial lighting arrangements could be evaluated easily. 
The second reason was, the room is not too big and this provided easier and 
less costly lighting installations.
The lighting system and the arrangement of the room was changed for the 
purposes of the study. In addition to the existing fluorescent lamps, cove 
lighting, wall washing and uplighting were installed.
The wall washing and cove lighting were installed by 40W (Philips TL54) 
fluorescent lamps on wall brackets that are 60 cm below the ceiling. The 
inside of these brackets have been painted white to increase the reflectivity
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and to get more light output. The required dimensions for these lighting 
systems have been determined taking the lES Lighting Handbook (1984, 6- 
25), Lechner (1990, 301), Steffy (1990, 101-102) and Grosslight (1990, 40- 
44) as references. Fig. 4.3. indicates cove and wall washing dimensions and 
the layout of fluorescent lamps.
Fig. 4.3. Dimensions of the cove lighting and wall washing installations
20W (Philips TL54) and 40W (Philips TL54) fluorescent lamps were chosen 
for cove lighting and wall washing. They have a color temperature of 6200K 
and a CRI of 72 (Compact Lighting Catalogue 1993/1994 1993, 27, 32). 
Twelve 40W and four 20W lamps were used for these two lighting systems. 
These lamps have been arranged in such a way that, no dark areas were left 
between them and light sources are concealed both at standing and sitting 
positions.
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Fig. 4.4. The arrangement of the cove lighting and wall washing installations
Different types of fluorescent tubes with different characteristics are 
available. The first reason for selecting only TL54 lamps for the study is that, 
they are made in Turkey and are the cheapest and most widely used 
fluorescent lamps in the market. The second reason is, to use the same type 
of lamps for different lighting systems and to be able to make comparisons 
between the light output and light intensity of the three lighting systems.
Uplighting is achieved by two torchères that have dimmers and are operated 
by 300W tungsten halogenated lamps. The color temperature of tungsten 
halogenated lamps is about 3000K and color rendering is accepted as 100.
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The properties of tungsten-halogenated lamps are different from fluorescent 
lamps that provides a comparison between cool and warm color light 
sources.
Torchères are located behind the observation table, directed towards the 
ceiling and walls that result in non-uniform space lighting. Dimmers of the 
lamps were fixed at the maximum level to standardize the illumination level 
each time the lamps are turned on. After the lighting systems were installed, 
the room was arranged as a study room. The redesigned state of room 
FC112 can be seen in Fig. 4.5. and 4.6.
Fig. 4.5. The plan of the room FC112
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Fig. 4.6. Sketch of FC112 from the entrance
The four lighting systems were connected into a switch box and are 
operated from the observation table. The appearance of the room under four 
lighting arrangements are shown in Figures 4.7, 4.8, 4.9 and 4.10.
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Fig. 4.7. The appearance of the room under existing fluorescent tubes
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Fig. 4.8. The appearance of the room under cove lighting
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Fig. 4.9. The appearance of the room under wall washing
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ai
Fig. 4.10. The appearance of the room under uplighting
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174 undergraduate university students, 85 males and 89 females ranging in 
age from 18-27 years participated in the study. They were all from the 
freshman and sophomore classes from Bilkent University, Department of 
Interior Architecture and Environmental Design and had not taken any 
courses on lighting at the time of the study. No personal data (except their 
age, gender and the type of eye defects) was collected (see Tables 4.1., 4.2. 
and 4.3 in Appendix A). Each experimental session lasted for about 6 
minutes.
4. 3 The Procedure
Standardization of procedure was achieved by the following steps;
• The room was not illuminated when the participants entered.
• They entered the room one by one and filled in the questionnaires at the 
observation table.
• They were allowed to turn on / off the lighting systems as much as they 
desired, but not allowed to turn on more than one lighting system at a 
time.
The questionnaire, that consisted of nine questions about the impressions of 
clarity, spaciousness, relaxation, privacy, pleasantness and order was 
prepared in Turkish to make it understandable. Participants were asked to 
evaluate the room for these six impressions under each lighting 
arrangement. They were asked to determine the most suitable lighting
4. 2 Subjects
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system for each impression. The questionnaire appears in Table 4.4 (see 
Table 4.5 in Appendix B).
The results of the case study were analyzed by Chi-square test and One­
way Analysis of Variance (ANOVA). As the Chi-square test is used to test 
the differences between variables, the relations between participants’ age, 
gender, eye deficiencies and the lighting systems were tested by Chi-square 
test. As Analysis of Variance (ANOVA) is used to test the differences among 
the means of variables, the distribution of the results between the lighting 
systems and the impressions, the distribution of the results for the questions 
that are related to the factors of clarity, spaciousness and order were tested 
by One-way ANOVA respectively.
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Table 4.4
The example of the questionnaire
Questionnaire no; Age; Sex;
M F
□ □
Do you have any eye defects? If so, what kind?
Imagine this room as a studying room where reading and writing activities take place and 
evaluate from lighting arrangement and lighting level points of view.
1 2 3 4 no difference
1. Under which lighting, is the appearance 
of the objects on the table most clear?
□ □ □ □ □
2. Under which lighting, is the appearance 
of the objects in the room most clear?
□ □ □ □ □
3. Under which lighting, the room appears 
larger?
□ □ □ □ □
4. Under which lighting, the ceiling appears 
higher?
□ □ □ □ □
5. Under which lighting, is the room most 
relaxing?
□ □ □ □ □
6. Under which lighting, the room appears 
more private?
□ □ □ □ □
7. Which of these lighting systems is the 
most pleasing one?
□ □ □ □ □
8. In your opinion, which lighting system is 
the most suitable one for a studying room?
□ □ □ □ □
9. In your opinion, which lighting system has 
been arranged according to the functions in 
this room?
□ □ □ □ □
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The hypotheses of the study are as follows;
Hypothesis 1: Different lighting arrangements can change the perception of 
the same space.
Hypothesis 2: The age of the participants may influence the perception of a 
space under different lighting systems.
Hypothesis 3: The gender of the participants may influence the perception 
of a space under different lighting systems.
Hypothesis 4: The eye deficiencies of the participants may influence the 
perception of a space under different lighting systems.
The evaluation of the differences between the mean values of the 
responses for the lighting systems and the impressions
Ho : M.1 = ı^2 = p3= |i4= p5 The mean values of the responses for the 
lighting arrangements are equally distributed.
Hi : The mean values of the responses for the lighting arrangements are not 
equally distributed.
The mean scores for the lighting arrangements (existing fluorescent tubes, 
cove lighting, wall washing, tungsten-halogenated lamps, no difference) of 
room FC112 are; 6.66, 59.22, 58.55, 3.12 and total sample mean is 34.8. 
The differences between the responses for the lighting arrangements were 
analyzed by one-way ANOVA. As can be seen in Table 4. 6, computed F 
value is bigger than F table value (2.61), Ho is rejected.
4. 4 Data Analysis
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Table 4. 6
One - Way ANOVA Table for the evaluation of the room FC112 for the
lighting arrangements and the impressions
SO U R C E O F
VARIATIO N
(CR f)
DEG REES O F  
FREEDO M  (df)
SUM  O F  
SQUARES(SS)
MEAN O F CO M PUTED  
SQ UARES(M S) F VALUE
Between samples 
(factor variation)
4 21498.5538 5374.6384 5.4519
Within samples 
(error variation)
40 39432.428 985.8107 F(4,40,a= 05)=2.61
Total 44
Therefore it can be said that, there are differences between the mean values 
of the responses for the lighting arrangements. Each lighting system arises 
different impression which in turn affects perception. The comparison of the 
responses for each lighting arrangement can be seen in Fig. 4.11 (in  
Appendix C).
The responses of the participants for each question are as follows;
4.4.1 The Impression of Clarity
Clarity is a subjective feeling that is related to the appearance of objects.
This can differ due to the lighting distribution in the room and the distance of 
the objects from the observer. The first two questions ask the evaluation of 
the appearance of the objects. Wall washing is the most preferred one out 
of the four lighting systems in the room as can be seen in Tables 4.7 and 
4.8.
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Table 4.7
Evaluations for the impression of clarity (question 1)
number Of 
responses
’ ■ p ü w ilig ë 'ô ï 
responses (%)
existing fluorescent tubes 7 4
cove lighting 67 39
wall washing 72 41
tungsten-halogenated 25 14
no difference 3 2
total 174 100
Table 4.8
Evaluations for the impression of clarity (question 2)
number Of 
responses
percentage Of 
responses(%)
existing fluorescent tubes 10 6
cove lighting 62 36
wall washing 80 45
tungsten-halogenated 21 12
no difference 1 1
total 174 100
4.4.2 The Impression of Spaciousness
The second impression is spaciousness (roominess) that is related to the 
personal judgments about the dimensions of the space. The third and the 
fourth questions are about the lighting systems that make the room appear 
larger and the ceiling higher respectively. The evaluation of the responses 
can be seen in Tables 4.9 and 4.10. Cove lighting was found as the most 
suitable lighting system to enhance the feeling of spaciousness.
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Table 4.9
Evaluations for the impression of spaciousness (question 3)
number Of 
responses
percentage of 
responses (%)
existing fluorescent tubes 6 3
cove lighting 65 38
wall washing 62 36
tungsten-halogenated 37 21
no difference 4 2
total 174 100
Table 4.10
Evaluations for the impression of spaciousness (question 4)
■— pramBSTSf—— “ 
resDonses
--- issresniapw-----
resDonsesY%)
existing fluorescent tubes 13 7
cove lighting 120 69
wall washing 23 13
tungsten-halogenated 15 9
no difference 3 2
total 174 100
4.4.3 The Impression of Relaxation
The fifth question is related to the impression of relaxation. Subjects were 
asked to select the most suitable lighting system that arises the feeling of 
relaxation. According to the responses of the participants, tungsten- 
halogenated lamps make the space relaxing.
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Table 4.11
Evaluations for the impression of relaxation (question 5)
number Of 
responses
percentage of 
responses (%)
existing fluorescent tubes 1 1
cove lighting 23 13
wall washing 9 5
tungsten-halogenated 139 80
no difference 2 1
total 174 100
4.4.4 The Impression of Privacy
The sixth question is about the impression of privacy, a condition that arises 
the feeling of belonging to a single individual. Tungsten-halogenated lamps 
were evaluated as the most suitable lighting system for enhancing the 
feeling of privacy.
Table 4.12
Evaluations for the impression of privacy (question 6)
number Of 
responses
percentage of ' 
responses (%)
existing fluorescent tubes 5 3
cove lighting 12 7
wall washing 15 9
tungsten-halogenated 134 76
no difference 8 5
total 174 100
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4.4.5 The Impression of Pleasantness
The seventh question asks the lighting system that makes the room 
pleasant. Tungsten-halogenated lamps are the ones that make the room 
most pleasing according to the responses.
Table 4.13
Evaluations for the impression of pleasantness (question 7)
number of 
responses
percentage of 
responses (%)
existing fluorescent tubes 3 2
cove lighting 39 22
wall washing 20 11
tungsten-halogenated 109 63
no difference 3 2
t o t a l_______________________________ 1 7 4 ______________________ lilQ____________
4.4.6 The Impression of Order
The last two questions are about order that is related to the compatibility of 
the lighting system with the functions in the room. Question eight asks the 
most suitable lighting system for a study room (in general). Out of these four 
lighting systems, cove lighting is the most suitable one for a study room. 
Finally, the last question asks the participants to select the lighting system 
that has been designed according to the functions in the room. Wall washing 
was selected as can be seen in Table 4.15.
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Table 4.14
Evaluations for the impression of order (question 8)
number of 
responses
percentage of 
responses (%)
existing fluorescent tubes 6 3
cove lighting 79 46
wall washing 61 35
tungsten-halogenated 25 14
no difference 3 2
total 174 100
Table 4.15
Evaluations for the impression of order (question 9)
number of 
responses
percentage of 
responses f%1
existing fluorescent tubes 9 5
cove lighting 66 38
wall washing 76 43
tungsten-halogenated 22 13
no difference 1 1
total 174 100
The evaluation of the relation between the age of the participants and 
the lighting systems
Ho There is no relation between the perception of a space under different 
lighting systems and the age of the participants.
Hi There is a relation between the perception of a space under different 
lighting systems and the age of the participants.
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Chi-square table for the evaluation of the relation between the age of the 
participants and the lighting systems
Table 4.16
A c tu a l v a lu e s
A g e  ra n g e s
[1 8 -2 0 ] [2 1 -2 3 ] [2 4 -2 7 ] to ta l
existing fluorescent tubes 20 33 7 60
cove lighting 138 339 56 533
wall washing 96 301 21 418
tungsten-halogenated lamps 153 339 35 527
no difference 7 14 7 28
to ta l 4 1 4 1 0 2 6 1 2 6 1 5 6 6
E x p e c te d  v a lu e s
A g e  ra n g e s
[1 8 -2 0 ] [2 1 -2 3 ] [2 4 -2 7 ] to ta l
existing fluorescent tubes 15.86207 39.31034 4.827586 60
cove lighting 140.908 349.2069 42.88506 533
wall washing 110.5057 273.8621 33.63218 418
tungsten-halogenated lamps 139.3218 345.2759 42.4023 527
no difference 7.402299 18.34483 2.252874 28
to ta l 4 1 4 1 0 2 6 1 2 6 1566
d ^ 8 ,  a  = 0.050 c r it ic a l t  (d f  «« ,a= 0 .050 ) = 15.51
c o m p u te d  3 0 .5 7 5 7 4
Chi-square distribution is 30.57574 that is bigger than the critical x  value, 
therefore the null hypothesis is rejected at the 5 percent level of significance, 
there is a relationship between the age of the participants and the lighting 
systems. Perception of a space is not independent of age differences.
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The evaluation of the relation between the gender of the participants 
and the lighting systems
Ho There is no relation between the gender of the participants and the 
perception of a space under different lighting systems.
Hi There is a relation between the gender of the participants and the 
perception of a space under different lighting systems.
Table 4.17
Chi-square table for the relation between the gender of the participants and 
the lighting systems
A c tu a l v a lu e s
G e n d e r
M a le F e m a le to ta l
existing fluorescent tubes 25 35 60
cove lighting 259 274 533
wall washing 193 225 418
tungsten-halogenated lamps 270 257 527
no difference 18 10 28
to ta l 7 6 5 801 1 5 6 6
E x p e c te d  v a lu e s
G e n d e r
M a le F e m a le to ta l
existing fluorescent tubes 29.31034 30.68966 60
cove lighting 260.3736 272.6264 533
wall washing 204.1954 213.8046 418
tungsten-halogenated lamps 257.4425 269.5575 527
no difference 13.67816 14.32184 28
to ta l 7 6 5 801 1 5 6 6
d fB 4 ,a « 0 .0 5 0 c r it ic a l x ^ 'id f * 4 ,a « 0 .0 5 0 )  *  
c o m p u te d  x ^  6 .3 2 0 7 2
9 .4 9
Chi-square distribution is 6.32072 that is smaller than the critical value, 
therefore the null hypothesis is accepted at 5 percent level of significance.
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The perception of a space under different lighting arrangements is 
independent of the sex of the participants.
The evaluation of the relation between the eye deficiencies of the 
participants and the lighting systems
Ho There is no relation between the eye deficiencies of the participants and 
the perception of a space under different lighting systems.
Hi There is a relation between the eye deficiencies of the participants and 
the perception of a space under different lighting systems.
Table 4.18
Chi-square table for the evaluation of the relation between the eye 
deficiencies of the participants and the lighting systems
A ctual values Z
E y e  d e fe c ts
N o rm a l O th e rs to ta l
existing fluorescent tubes 37 23 60
cove lighting 294 239 533
wall washing 212 206 418
tungsten-halogenated lamps 305 222 527
no difference 16 12 28
to ta l 864 702 1566
E x p e c te d  v a lu e s
E y e  d e fe c ts  > ^
N o rm a l O th e rs to ta l
existing fluorescent tubes 33.10345 26.89655 60
cove lighting 294.069 238.931 533
wall washing 230.6207 187.3793 418
tungsten-halogenated lamps 290.7586 236.2414 527
no difference 15.44828 12.55172 28
to ta l 864 702 1566
d fa 4 , a»0 .080  ■ · c r it ic a l (d fw 4 ,a * 0 .0 5 0 )* 9 .49
c o m p u t e d 'X 5 . 9 7 7 0 8 8 ■
'......... . .............
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The results of the participants who do not have any eye deficiencies were 
compared with the ones who have. Chi-square distribution is 5.977088 that 
is smaller than critical value, therefore the null hypothesis is accepted at 5 
percent level of significance, there is no relation between the eye defects of 
the participants and the perception of a space under different lighting 
arrangements.
4.5 Results
According to the results of the one-way ANOVA, hypothesis 1 is supported. 
Different lighting arrangements change the perception of the same space. 
Participants used different words to describe the same space under each 
lighting system.
The second hypothesis is supported according to the result of the 
distribution analysis. This may be a result of the differences between the 
expectations of each participant. As experiences lead to certain expectations 
and expectations differ as we get older, perception of people from different 
age groups can be different.
The third hypothesis is not accepted according to the result of the x^ 
distribution analysis. There is no difference between the perceptions of the 
males and females under different lighting arrangements.
Hypothesis four is not accepted according to the result of the x^ distribution 
analysis. We see by our eyes, but the process of perception ends in the
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brain. Most of the participants who have eye defects were using eye 
glasses, so the deficiencies were corrected by suitable lenses and they 
perceived as the ones who do not have any eye defects according to the 
results of the chi-square test. Perception of a space under different lighting 
arrangements is independent of the eye deficiency of the participants.
The evaluation of the differences between the mean values of the 
responses for the impression of clarity (questions 1 and 2)
in the questionnaire, in order to test the impression of clarity, two questions 
are asked and the mean scores for each question is compared by one-way 
ANOVA.
Ho ; p1= |i2 The mean values of the responses for the impression of clarity in 
two questions are equally distributed.
Hi : The mean values of the responses for the impression of clarity in two 
questions are not equally distributed.
Table 4.19
One - Way ANOVA Table for the questions about the impression of clarity
SO URCE O F  
VARIATIO N
XCRp)
D EG R EES O F  
FR EED O M  (df)
SUM  O F  
SQ UARES(SS)
MEAN O F  
SQ U A R E 8(M S )
C O M PU TED
E V A L U E
Between samples 
(factor variation)
4 8969 2242.265 190.09
Within samples 
(error variation)
5 59 11.8 F(4,5, a= .05r 5.19
Total 9
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The mean scores for the impression of clarity (question 1 and 2) for room 
FC112 are; 8.5, 64.5, 76, 23, 2, total sample mean is 34.8. As computed F 
value is bigger than F table value (5.19), Ho is rejected.
The distribution of the responses for the impression of clarity changes in the 
first and the second questions. Participants rated the appearance of the 
objects on the table differently than the appearance of the objects in the 
room.
When the responses for these two questions are compared, the percentage 
of wall washing is the highest (41% for the first question and 45% for the 
second question) and is preferred to the others. The reason can be related 
to the illumination levels. Illumination levels on the observation desk were 
measured under each lighting arrangement and these are as follows; for 
existing fluorescent tubes 110 lux, for cove lighting 270 lux, for wall washing 
300 lux and for tungsten-halogenated lamps 110 lux.
According to the results, it can be said that as the illumination level 
increases in a space, the objects seem more clear and details are 
distinguished better. Fluorescent lamps are used for wall washing that are 
cooler light sources and provide a uniform illumination. Cooler light sources 
or uniform illumination are preferred instead of warm-toned light sources or 
non-uniform illumination.
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The evaluation of the differences between the mean values of the 
responses for the impression of spaciousness (questions 3 and 4)
Ho : |i1= n2 The mean values of the responses for the impression of 
spaciousness in two questions are equally distributed.
Hi ; The mean values of the responses for the impression of spaciousness in 
two questions are not equally distributed.
Table 4.20
One - Way ANOVA Table for the questions about the impression of 
spaciousness
SO U R C E O F
VARIATIO N
(C R f)
D EG REES O F i  
FR EED O M  (df) “
' SUM  O F  
■ ^ SQ U A R ES(SS)
MEAN O F  CO M PU TED  
SQ U A R ES(M S) F VALUE
Between samples 
(factor variation)
4 10171.6 2542.9 5.00
Within samples 
(error variation)
5 2540 508 F(4 5, a= .05 )=  5.19
Total 9
The mean scores for the impression of spaciousness (questions 3 and 4) 
are; 9.5, 92.5, 42.5, 26, 3.5, total sample mean is 34.8. As computed F value 
is smaller than F table value (5.19), Ho is accepted.
When the mean scores are analyzed, it can be concluded that the two 
questions have the same impact on people. Third question asks the lighting 
system that makes the room appear larger and the fourth one asks the 
ceiling height. The results show that the terms of “large” and “high” mean 
almost same for people.
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According to the responses, cove lighting enhances the feeling of 
spaciousness. However, the percentages of wall washing is closer to cove 
lighting in the third question, so it can be said that, wall illumination is also 
desirable to make a space appear larger.
The evaluation of the impression of relaxation:
In the experimental study, tungsten-halogenated lamps were preferred that 
provide non-uniform illumination and lower brightness in the zone of the 
user.
Though the illumination level achieved by tungsten-halogenated lamps and 
existing fluorescent lamps are same, tungsten- halogenated lamps were 
preferred for relaxation. It can be stated that, the feeling of relaxation is 
related to the characteristics of the selected lamps or non-uniformity of the 
lighting rather than the illumination levels.
The evaluation of the impression of privacy (intimacy):
According to the responses of the study, tungsten-halogenated lamps were 
preferred for privacy.
The illumination levels for existing fluorescent tubes and tungsten- 
halogenated lamps are equal (110 lux), however, most of the participants 
selected tungsten-halogenated lamps (76 %). It can be argued that, apart 
from the illumination levels, the properties of the selected lamps are 
important for the impression of privacy. Warm toned light sources that have
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higher color renderings and provide non-uniform illumination are selected 
rather than cooler light sources with lower color rendering indexes.
The evaluation of the impression of pleasantness:
Most of the participants preferred uplighting that is satisfied by 300W 
tungsten-halogenated lamps. Uplighting provides non-uniform illumination 
that results in shade and shadows in the space and this makes a space 
visually pleasant according to the responses of the participants.
The evaluation of the differences between the mean values of the 
responses for the impression of order (questions 8 and 9)
Ho : |x1= p2 The mean values of the responses for the impression of order in 
two questions are equally distributed.
Hi : The mean values of the responses for the impression of order in two 
questions are not equally distributed.
Table 4.21
One - Way ANOVA Table for the questions about the impression of order
SO U R C E O F
VARIATIO N
(C R f)
D EG R EES O F  
FR EED O M  (dO
SU M  O F  
SQ U A R ES(SS)
MEAN O F C O M PU TED  
SQ U A R ES(M S) F  VALUE
Between samples 
(factor variation)
4 9011.6 2252.9 54.15
Within samples 
(error variation)
5 208 41.6 F(4, 5, a= .0 5 r  5.19
Total 9
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The mean scores for the impression of order (questions 8 and 9) for room 
FC112 are; 7.5, 72.5, 68.5, 23.5, 2 total sample mean is 34.8. As computed 
F value is bigger than F table value (5.19), Ho is rejected.
When the responses for the impression of order are examined , the number 
of people who prefer wall washing (43 %) and cove lighting (46 %) are close 
to each other, it can be stated that wall illumination or the illumination of the 
ceiling can enhance this feeling. Participants preferred uniform and indirect 
illumination provided by cooler light sources rather than non-uniform space 
illumination achieved by warmer light sources .
Visual order is related to the unification of the lighting system and the activity 
in the room. As this room was defined as a study room where reading and 
writing activities take place, the reason of preferring wall washing and cove 
lighting can be related to the illumination levels on the working surface. The 
illumination levels are 300 lux for wall washing and 270 lux for cove lighting 
that is enough to fulfill the activities in the room.
4.6 Discussion
The results show that different lighting arrangements influence perception. 
Under different lighting systems, participants used different terms to define 
the same space. These differences may be related to the illumination levels 
(high / low), distribution characteristics of the lighting systems (uniform / non- 
uniform) and color of the light sources (warm / cool).
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Illumination levels
The present research shows that high level of lighting enhances the feeling 
of clarity, spaciousness and order. The results for clarity are supported by 
Sorcar (1987,178), Steffy (1990,33) and Flynn et al. (1992, 21). The result 
for the impression of spaciousness contributes to the findings of Smith and 
Bertolone (1986, 26), the lES Lighting Handbook (1987,2-2), Steffy 
(1990,32-34), Flynn et al. (1992,20) and Canmody and Sterling (1993,276). 
When the literature was reviewed, no studies that has suggestions about the 
illumination levels about order was met. As this impression has not been 
analyzed, it is not possible to compare the results with the findings of other 
researchers. In the study, the responses for cove lighting and wall washing 
are close to each other, so it can be stated that either of these lighting 
systems can enhance the feeling of order.
According to the findings of the study, the feelings of relaxation, privacy and 
pleasantness were enhanced by uplighting that had lower illumination level 
than cove lighting and wall washing. The results for relaxation are parallel to 
Smith and Bertolone (1986,26), the lES Lighting Handbook (1987,2-2), Steffy 
(1990,32-34) and Flynn et al. (1992,20). Results for privacy and 
pleasantness are consistent with Erhardt (1985,30), Sorcar (1987,178) and 
the lES Lighting Handbook (1987,2-2).
Distribution characteristics of the iighting system
The results of the study show that uniform illumination (that was achieved by 
cove lighting and wall washing) makes a space appear clear, spacious and
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orderly. The results for clarity (that was satisfied by wall washing) is 
supported by Sorcar (1987,178), Steffy (1990,33) and Flynn et al. (1992,21) 
who concluded that uniform illumination enhances this impression, however 
reject the suggestions of Tiller and Veitch (1995,93-101) and Carmody and 
Sterling (1993,265) who mention that an interior seems more stimulating and 
legible when uniform and non-uniform lighting systems exist in the same 
space. The responses for the impression of spaciousness (that was provided 
by cove lighting) are supported by Smith and Bertolone (1986,26), the lES 
Lighting Handbook (1987,2-2), Steffy (1990,32-34) and Flynn et al. (1992,20) 
and Carmody and Sterling (1993, 276). When the responses for order (that 
was accomplished by cove lighting and wall washing) are considered, the 
mostly preferred lighting systems provide a uniform illumination level. No 
suggestions about the distribution characteristics of the lighting system that 
enhance the feeling of order was met through a literature review.
Non-uniform illumination (that was provided by uplighting), on the other 
hand, makes a space relaxing, private and pleasant. The results for 
relaxation are parallel to the suggestions of Smith and Bertolone (1986,26), 
the lES Lighting Handbook (1987,2-2), Steffy (1990,32-34) and Flynn et al. 
(1992,20). The responses for privacy is consistent with the suggestions of 
Erhardt (1985,30), Smith and Bertolone (1986,26), the lES Lighting 
Handbook (1987,2-2), Sorcar (1987,178) and Flynn et al.(1992,23). The 
results for the impression of pleasantness contribute to the conclusions of 
Hawks, Loe and Rowland (1979) as cited in Sorcar (1987,180).
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Color of the light source
According to the results of the case study, cooler light sources (40W and 
20W fluorescent lamps with a color temperature of 6200K) increase the 
feeling of clarity. This is consistent with the findings of Sorcar (1987,178), 
Steffy (1990,33) and Flynn et al. (1992,21).
There is no consensus on the color of the light sources from spaciousness 
point of view. The color of the light source is a negligible factor for Flynn et 
al.( 1992,20), Sorcar (1987,177) suggests warm-toned light sources and this 
is rejected by Aksugur (1977) who stated that cooler light sources make a 
space appear larger than warmer ones. The results of the present study 
indicate that spaciousness is achieved by cooler light sources (Philips TL54 
fluorescent tubes), so it is parallel to Aksugur's findings.
The impression of relaxation occurs under warm-toned light sources 
(tungsten halogenated lamps with a color temperature of 3000K) according 
to the results of the study. However, it is not possible to compare with other 
researchers’ conclusions, as there are no suggestions about the color of the 
light source from relaxation point of view.
Warm-toned light sources (tungsten-halogenated lamps) arise the feeling of 
privacy when the results of the study are considered and this is supported by 
Erdhart (1985, 30), Smith and Bertolone (1986,26), the lES Lighting 
Handbook (1987,2-2), Sorcar (1987,178) and Flynn et al.(1992,23).
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The responses for the impression of pleasantness indicate that, warm-toned 
light sources(tungsten-halogenated lamps) enhance this impression. This 
finding is by the side of Hawks, Loe and Rowland (1979) as cited in Sorcar 
(1987,180) and is opposite to the suggestions of Mehrabian and Russell 
(1974,18,63) who mentioned that cooler light sources (daylight fluorescent 
tubes) increases the feeling of pleasure.
According to the results of the study, order is achieved by cooler light 
sources (Philips TL54 fluorescent tubes). No suggestions about the color of 
the light sources that enhance the feeling of order was found through a 
literature review.
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5. CONCLUSION
Lighting design has an effect on the way a space is perceived. It can 
enhance or subdue certain feelings. This property of lighting has gained 
importance in our country in recent years. There are a few firms in Istanbul 
that have lighting application centers where information about different 
lighting systems are given and the importance of lighting design are 
explained to public.
This study concentrated on the power of lighting and the effect of lighting on 
arousing different impressions in the same space, due to alterations in the 
lighting arrangements, in short,how lighting arrangements effect perception. 
It was concluded that the change in perception can depend on three 
important factors; illumination levels (high / low), light distribution 
characteristics of a system (uniform / non-uniform) and color of the light 
(warm / cool).
According to the results of the study, it has been found out that, age is an 
important component for the process of perception, however eye 
deficiencies and the gender of the participants did not effect perception.
It should be remembered that, the room in which the study was conducted 
has four lighting systems and the effect of each lighting system was tested
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when the others were turned off. Different responses could be achieved if 
the same experiment was repeated with the combination of the lighting 
systems such as cove lighting plus wall washing, existing fluorescent tubes 
plus uplighting.
Another reflection for future research is what would be the responses for the 
same questions if the experimental study was repeated in a room where 
there were different lighting systems than the ones used in this study, or with 
lamps that have different lighting characteristics.
The responses of the participants for different lighting systems occurred as a 
result of short term exposure. Another direction that future research might 
take would be to extend the duration of the study to determine whether 
these effects might be maintained over longer time.
The participants were all from the same faculty, they had similar 
backgrounds, the age range was not so diverse. There was a homogenity in 
the participant group. If the same study was repeated with a group that had 
different backgrounds and a greater age range, the responses could be 
different.
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Table 4.1
Age distribution of the participants
18 :=5
19 10
20 31
21 43
22 48
23 23
24 5
25 5
26 3
27 1
total,
Table 4.2
Gender of the participants
^ G e n d e r  oir t h e p a ^ l ^ l h IS
females 89
males 85
total 174 *
Table 4.3
Eye deficiencies of the participants
myopia 34
hypermetropia 15
astigmatism 12
no eye defects 96
myopia&astigmatism 11
hypermetropia&astigmatism 5
color blindness 1
-  174 “
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Table 4.5
The original questionnaire form
Anket no: Yaşınız: Cinsiyetiniz: E K
□ □
Herhangi bir göz bozukluğunuz var mı? Varsa ne tür?
Bu odayı, kitap okuduğunuz ve yazı yazdığınız bir çalışma odası olarak düşünerek, 
aydınlatma düzeni ve düzeyi açısından değerlendiriniz. Size en uygun olan 
seçeneği işaretleyiniz.
1. Hangi aydınlatmada, oturduğunuz masadaki 
eşyaların görüntüsü en net ve belirgin?
1 2 3 4 Fark yok
□ □ □ □ □
2. Hangi aydınlatmada odadaki eşyaların görüntüsü □ □ □ □ □
en net ve belirgin?
3. Hangi aydınlatmada oda daha geniş görünüyor? □ □ □ □ □
4. Hangi aydınlatmada, odanın tavanı daha yüksek □ □ □ □ □
görünüyor?
5. Hangi aydınlatmada, oda daha rahatlatıcı 
ve dinlendirici?
□ □ □ □ □
6. Hangi aydınlatmada, bu hacim başkalarına değil, □ □ □ □ □
yalnız size ait, hissini uyandırıyor?
7. Bu aydınlatmalardan en çok hangisi hoşunuza 
gidiyor?
8. Sizce, hangi aydınlatma grubu bir çalışma 
odasının aydınlatılması için en uygundur?
9. Sizce, hangi aydınlatma grubu, bu odadaki 
fonksiyonlar düşünülerek tasarlanmıştır?
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
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Fig. 4.11 Comparison of the responses for each lighting arrangement
